INTRODUCTION
In the past few years both growing observational evidence and theoretical understanding have shown that mass loss by stellar wind is a common occurrence in the evolutionary history of many types of star. Recent reviews on the subject may be found in Conti (1978) , Cassinelli (.1979 ), Conti and Mc Cray (1980 ), Hutchings (.1980a ),de Loore (.1979 and Sreenivasan (1979) . Therefore, in this paper we will concentrate only on those observational and theoretical aspects of the problem that de_ mand further investigation. Finally, as for the object of this review, we will be concer ned with stars in the approximate range of initial mass 10 Mg to 100 M0, during their evolution from central H-burning to later phases.
FAILURE OF CONSTANT MASS EVOLUTION
As is well known, the HR diagram for OB and intermediate to late supergiant stars in the solar vicinity reveals several features that cannot be satisfactorily explained in terms of canonical models of massive stars evolved at constant mass. Fig. 1 shows the observational HR diagram of Humphreys and Davidson (1979) on which the regions of highest observabili_ ty for constant mass models in core H-and He-burning phases have been drawn for purposes of comparison. Those models are computed with initial chemical composition typical of the youngest population (X=0.7, Z=0.02), and two alternatives for the stability condition against intermediate layer convection (see Chiosi (1978) , and references quoted therein for more details on the subject). Although the exact location of main sequence and core He-burning bands may depend on ma. ny parameters of the input physics (opacity, nuclear energy generation rates, mixing length, and so forth), it is clear that those models cannot fit the observed distribution of stars in the HR diagram. In fact, the main sequence band is expected to widen the observational luminosity with c liest type OB sta As for the core H schild-Harm crite compared with the too many red supe Models based on t neral trend of di too narrow a rang predict too many Both the crowding the wide spread o minous red superg Although several ve discrepancies spread in the ini poorly known proc by stellar wind i of stellar winds tions.
at the highest luminosities, contrary to evidence of a steady decline of the limit ooling effective temperatures for the earrs (Humphreys and Davidson, 1979) • e-burning phase, models based on the Schwarz rium (^R =v a ) f or semiconvection are too cool bulk of blue supergiants, and also predict rgiants for masses greater than about 30 M s . he Ledoux criterium (Vp=V a +Vy) show the gestribution of blue supergiants, but cover :e of effective temperatures, and once more red supergiants at the highest luminosities.
of blue stars in the spectral range B0-B1, f later type stars, and the lack of very lu iants cannot be reproduced by those models, causes have been invoked to explain the ab£ between theory and observations, like a tial chemical composition parameters or yet esses in the stellar interiors, mass loss s the most appealing one, as the existence is strongly indicated by current observa-
RATES OF MASS LOSS
Mass-loss rates that may be significant for the evolution of massive stars are inferred from current observations throug_h out the HR diagram (Conti, 1978; Reimers, 1975; Cassinelli, 1979) . As the correct determination of the rate of mass loss from stars of different spectral type is important for the understanding of the physical nature of the winds, and the evolution of these stars as well, a conci
MASS LOSS AND EVOLUTION OF MASSIVE STARS
se summary of current mass-loss rate estimates, and their pa rametrization in terms of basic stellar quantities might be of general interest.
Early Type Stars.
Since the early work of Morton (1967) on ultraviolet spectra of few early type stars, many efforts have been made to improve the observational information. Sncw and Morton (1976) pointed out that mass loss by stellar wind is a common property of all early type stars brighter than about M.-j 3 = -6. Bar_ low and Cohen (.1977) and Abbott et al. (1980) found that the rate of mass loss from luminous OB stars depends only on a low power of the luminosity, in agreement with the theoretic ca.l predictions of the radiation pressure driven wind theory of Lucy and Solomon (.1970 ) and Castor et al. (.1975 ). On the contrary, Lamers et al. (1980) and Conti and Garmany (1980a,b) pointed out that stars of the same luminosity show a large range of mass loss rates, in contrast with predictions of the radiation pressure theory. This result has been recently questioned by Gathier et al. (1980) who reanalyzing Copernicus data for a selected sample of OB stars drastically reduced the scatter indicated by Conti and Garmany (1980 a,b) . The most interesting result of these recent otservatio nal analyses is not in the scatter itself, which might be of experimental nature, but the rather convincing evidence of a systematic increase of the mass loss rate along the trans_i tion from 0V to 01, Of and likely also to WR stars. Even in the case of the smallest scatter (about a factor of four) suggested by the available data, such an increase of the r_a te of mass loss during the evolution of stars, which are known to evolve at virtually constant luminosity, cannot be fitted into the radiation pressure driven wind theory. These facts led Chiosi (l980a, b) and Lamers (1980) to suggest parametr i zat ions of the mass-loss rate in terms of mass, lu_ minosity and radius which differ from the simple luminosity dependence of Barlow and Cohen (.1977), and Abbott et al. (1980) . Though similar, the above parametr i zat ions are quaji titatively different, the ultimate reason of it being in the different sources of data that were used to perform the empji rical analyses. In particular, Chiosi's (1980a) formulation (M^L 0 * 7 5 (R/M) 2 -5 ) based on the data of Conti and Garmany (1980a) fairly agreed with the dependence predicted by the fluctuation theory of mass loss of Andriesse (1979) > whereas Chiosi's (1980b) analysis of Conti and Garmany (1980b) data, gave a different relation (M=L 2 (R/M) 3 •°). The parametrization suggested by Lamers (1980) (M^L 1 •" 2 R°• 6 1 M"°* 9 9 ) neither recovers the ones proposed by Chiosi, nor agrees with Andrie_s_ se's (1979) prediction. Fig. 2 summarizes the available observational data and the£ retical predictions of Chiosi (l980a, b) and Andriesse (1979) for purposes of illustration. Conti and Garmany (1980b) data for 0 stars, Barlow et al. (1980) data for WR stars. Continuous line refers to Chiosi(1980a) , dashed line to Chiosi (1980b) , dotted-dashed line to Andriesse(1979) .
On the theoretical side, this discovery has spurred the reconsideration of some older theories like the imperfect flow model of Cannon and Thomas (1977) , and the above mentioned statistical model of Andriesse, which works out the effects of stochastic variations in the outer layers of the stars. From the point of view of the evolution of massive stars, the difference among different parametrizations in terms of mass loss is enormous. In fact, if the mass loss rate depends on the luminosity alone, the rate will remain about constant as the star evolves from the main sequence to later stages. On the contrary, if the rate is a function of luminosity, ra dius and mass, the rate of mass loss may increase by orders of magnitude. The evolutionary results will substantially differ in the two alternatives.
2.2. Late Type Stars. Mass-loss rates of the same order of those for early type stars are indicated by observations of stellar winds in luminous late type stars (Reimers, 1975 (Reimers, , 1977 Banner, 1976; Bernat, 1977; Hagen, 1978; van der Hucht et al., I98O; Merril, 1978) . Complete surveys of the optical, infrared and ra dio studies are given by Reimers (1978) , Merril (I.978) , Moran (1978 ), Cassinelli (.1979 , and Goldberg (1979) . The most puzzling thing is that mass loss estimates by different authors may disagree by as much as two orders of magnitude. This fact makes hopeless any simple attempt to correlate the empirical rates with basic stellar parameters in order to d_i stinguish among different mechanisms, and to serve as a guji_ de for theoretical understanding. Through the analysis of observational data, Reimers (1975 Reimers ( , 1977 identified several properties of winds from cool stars that led to his popular parametrization (M a L/gR). The theoretical understanding of the wind phenomenon from cool stars is even more unsettled than for the hot ones, al^ 
EVOLUTION OF MASSIVE STARS WITH MASS LOSS
The realization that such large rates of mass loss probably exist for the most luminous hot and cool stars has stimulat^ ed several independent studies of the effects of mass loss on model evolution (Chiosi and Nasi, 197ka; de Loore et al. , 1977; Dearborn and Eggleton, 1977; Dearborn and Blake, 1979; Dearborn et al., 1978; de Loore et al., 1978; Chiosi et al. , 1978 Chiosi et al. , , 1979a Sreenivasan and Wilson, 1978; Stothers and Chin, 1978 Falk and Mitalas, 1979; Falk, 1979) . Most of these computations are concerned with the earliest stages of evolution (core and shell H-burning phases). Although they have improved very much our understanding of stellar evolution with mass loss, it is worth saying that the fundaments of this subject were already known since the early paper by Tanaka (1966) , who first pointed out the basic characteristics of models suffering mass loss at a given ra. te during their core H-burning phase.
As for cool stars, few fragmentary studies of post main sequence evolution with mass loss are available (Hartwick, 1967; Simon and Stothers, 1970 ; Bisnovatyi-Kogan and Nadezhin, 197 1 *; Chiosi and Nasi, 197^+a; Sreenivasan and Wilson, 1978; Chiosi et al. , 1978; Stothers and Chin, 1978 Falk and Mitalas, 1979; Falk, 1979) . Before describing the model results in some detail, several considerations of general interest might be useful to under stand correctly the validity of the available numerical com putations. Owing to the large uncertainties in both theories and obser_ vations of stellar winds, semiempirical formulations for the rate of mass loss are used, which are customarily calibrated on the observational data by means of one or more adjustable parameters. With the aid of this, sequences of models, whose mass simply decreases with time, are calculated, thus negle£ ting any dynamical treatment of mass outflow from stellar m£ dels. Such a procedure at least requires the consistency of the mass-loss rate with the evolutionary phase under conside_ ration. If this task can be reasonably achieved in the case of red stars, which certainly are in post main sequence pha ses, this might not be the case of early type stars, as many types of object with profoundly different characteristics, like 0, Of, 01 and WR stars, crowd to the same area of the HR diagram. Finally, those studies make also evident that each evolutionary phase cannot be investigated separately, as mass loss may occur everywhere in the HR diagram. Therefore the amount and mode of mass loss in early (blue) phases will significantly affect all subsequent evolution, whereas the amount and mode of mass loss as intermediate to late ty_ pe stars, may control the reappearance of the models as blue evolved objects. The recent reviews by de Loore (1979 Loore ( , 1980 on the evolution of massive stars undergoing mass loss by stellar wind during core and shell H-burning phases make superflous here a deta_i_ led description of those results. Therefore we will be onlyconcerned with the most recent advancements, yet the main re suits on the subject will be also outlined.
3.1. Core and Shell H-Burning Phases. Evolutionary models in core and shell H-burning phases have been calculated with four or five different relationships for the rate of mass loss. The major difference among them is whether the mass-loss rate depends on the luminosity only, or other variables are taken into account. (See de Loore (1979 for a complete list of the most popular relatiori ships used in model computations). The main results can be summarized as follows: i) The main sequence band widens at lower mass ranges, and shrinks at the highest range, if the mass .loss rate is suffi_ ciently high. For very high mass loss rates (M=10 -5 M w /yr) the most massive stars may even cross the zero age main sequence before exhausting hydrogen in the core, ii) Losing mass models run at lower luminosity compared with the constant mass case, the decrease in luminosity being pr£ portional to the rate of mass loss. Those models are however always overluminous for their mass compared to the conservative ones in the same evolutionary stage.
iii) The occurrence of mass loss drastically reduces the mass size of semiconvective and intermediate fully convective z£ nes, the extent of reduction being proportional to the rate of mass loss. This fact somewhat alleviates the long lasting uncertainty in models of massive stars due to the adoption of one of the two stability criteria against intermediate convection. Nevertheless, an accurate treatment of this intermediate instability, whichever criterium is adopted, is still necessary. In fact, as is well known, one of the leading parameters that control the location in the HR diagram of models in post main sequence phases is the chemical pr£ file in their intermediate layers.
iv) The main sequence lifetime is also affected by mass loss. Two competing effects can be outlined: losing mass models ha ve smaller convective cores, no semiconvective feeding and therefore less fuel to burn, which would shorten the core Hburning lifetime. This trend is overwhelmed by the decrease in luminosity, leading to the net result that the main sequence lifetime increases with average mass loss rate, v) The masses of the remnants at the end of core H-burning phase depend on the average mass loss rate. vi) The helium core that is left in these models at the end of core H-burning is smaller in mass compared to the conser vative case, the decrease being proportional to the mean rate of mass loss. This has the interesting consequence of affecting the chemical enrichment of the interstellar medium at the end of the star life in the way pointed out by Chiosi available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0252921100094823
and Caimmi (1979)• Furthermore, since those models have significantly decreased their mass, the fractionary mass of the helium core turns out to be greater than for conservat_i_ ve models. As pointed out by Chiosi et al. (.1978 Chiosi et al. (. , 1980 and Falk (1979) this fact will play a role in locating core Heburning models in the HR diagram. vii) In presence of a substantial mass removal (high rates and/or long lifetimes), CNO processed material is exposed at the surface before central hydrogen is exhausted. The ini_ tial mass above which this effect may occur lowers from 100 M® to 60 M© for rates of mass loss increasing by about a fac tor of two. viii) After core H-exhaustion, all computed tracks run at constant luminosity towards cooler effective temperatures, in that similar to the conservative ones. With the adopted mass loss rates (ranging from 1 0~7 to 1 0~5 Mg/yr for initial masses increasing from 20 to .100 MQ ) , the models do not lose enough mass to avoid this phase at low effective temperatures. Very little mass is lost during the rapid expansion of the outer envelope due to the very short lifetime of this phase. As in all these models the rate of mass loss was dependent only on a weak power of the luminosity, it did not vary along the evolutionary tracks. On the contrary, if the new formula^ tions of Andriesse (.1979) or Chiosi (l980a,b) are adopted, the rate of mass loss may increase by more than an order of magnitude from the main sequence to the beginning of the shell H-burning phase. However, very little mass is lost du_ ring the main sequence phase due to the fact that the rate of mass loss starts small and increases to high values, com parable to those of the previous evolutionary calculations, only at the very final stages (Chiosi, 1980a; Andriesse et al., 1980; and Lamers, 1980) . In this case the evolutionary tracks are again very similar to those with constant mass and some difficulties will arise in interpreting the observational data, as will be discussed later on. Finally, it is worth mentioning that to more readily understand the results of numerical calculations with a variety of mass-loss rates, simple analytical formulations in terms of some basic quantities have been worked out by Dearborn et al. (1978) and Falk (1979) . According to Dearborn et al. (1978) the numerical results for core H-burning models can be organized in a simple scheme described by the mass loss parameter £ = T I M I / H , where T is the main sequence lifeti • m s tins • ~~~" me. Until X, is below some critical value, the inclusion of mass loss does not change too drastically the behaviour of evolutionary models compared with those at constant mass, and the scheme we have illustrated above holds for a large range of rates. If z, is greater than the critical value, the models at the end of the main sequence phase consist of an almost stripped helium core still embedded in a very thin H-deficient envelope. Mass loss prevents these models from further expanding their envelopes so that they remain forever at high effective temperatures. As very large rates of mass loss (M>U 10~5 M^/yr for an initial 100 M Q or M>8 1 0 -6 M ©/yr f°r a n initial 20 M Q ) are required, it is very unlike_ ly that this case may exist.
3.2. Core He-Burning Phase. The effects of main sequence mass loss are of great importari ce in the core He-burning phase, which is considered to begin when a convective core breaks out due to nuclear energy generation via the 3a process. Looking at the models calculated taking into account mass loss in this phase, a picture even more intrigued than for the conservative case seems to arise Sre£ nivasan and Wilson, 1978; Stothers and Chin, 1978 Chiosi et al., 1980; Maeder, 1980) . Evolutionary sequences have been computed with various assumptions for the rate and mode of mass loss: a combination of radiation pre£ sure and acoustic flux driven winds at high and low effect_i ve temperatures respectively by Chiosi et al.. (1978 Chiosi et al.. ( , 1980 , and Sreenivasan and Wilson (1978) ; the mass loss rate of Mc Crea (1962) (M<*L/V 2 ) throughout the entire HR diagram, or sudden mass loss below some critical effective temperature (the latter somehow mimics the acoustic flux driven wind re_ lationship) by Stothers and Chin (.1978 ; the Barlow and Cohen (1977) relation (M<*L a ) by Maeder (1980) . The available numerical results can be tentatively organized in the following scheme: i) Models calculated with the Schwarzschild-Harm neutrality condition, which suffered moderate mass loss during the core H-burning phase, ignite and burn helium in the core as blue supergiants and eventually become red supergiants, if their original mass was in the range 15 M@ to 50 M@. The stji ges of stationary nuclear burning are however redder and covering a larger range of effective temperatures than for cori servative models. On the contrary, models of higher initial mass ignite core He-burning as red supergiants. Whether they will loop back toward high effective temperatures at later stages, or will remain forever as red objects, it depends on mass loss in the red region and details of their internal structure. ii) Models calculated with the Ledoux criterium start burning helium in the core as red supergiants, independently of their initial mass and for any reasonable amount of mass loss in the previous stages. Whether a loop can be started or not depends on factors which cannot be easily identified a priori. In order to understand the apparently erratic behaviour of the models, both semianalytical and numerical experiments ha_ ve been performed (Falk, 1979; Chiosi et al., 1980) Falk (1979) (I.98O). According to Chiosi's et al. (1980) 
Whenever condition (2) is violated a blueward movement of the models will occur. Relation (2) recovers the analytical prediction of Falk (1979) , however being of more general validit; A detailed discussion about the applicability of relation (2) to existing numerical evolutionary sequences can be found in Chiosi et al. (1980) . It is worth pointing out that the competition between mass loss and H-burning shell evolution will determine the location of models in the HR diagram.
U. COMPARISON WITH THE OBSERVATIONS
The effects of mass loss at various rates on the mass-luminosity relationship for main sequence and early type supergiant stars, on the problem of mass determination and on the age of young clusters, can be found in de Loore (.1979, 1980) and Chiosi et al. (1979a) . Since the situation has not been changed by more recent results, we will not deal here with those subj ects.
h. 1. The Boundary to the Luminosity of OB Stars. The dependence of the coolest edge of the main sequence band on the mass loss rate, originally pointed out by Chiosi et al. (.1978 ) and since then taken as a constraint on the avera. ge mass-loss rate during core H-burning phase (Chiosi et al. (1979a) , Lamers et al. (198O), and Maeder (.1980) , might sug_ gest an explanation of the upper boundary to the luminosity of OB stars pointed out by Humphreys and Davidson (1979) .The confrontation of model location with observational data seems to indicate that models losing mass at rates intermediate between those with a=0.83 and a=0.90 in the Chiosi et al. (1978) notation match the observational situation. It is worth noticing that two assumptions are implicit in the above comparison and conclusion, namely the rate of mass loss is proportional to the luminosity only, and all stars in the area are burning hydrogen in the core. On the contra, ry, if the rate of mass loss has the dependence suggested by the most recent data (Conti and Garmany, 1980a,b; Gathier et al., 1980) and theoretical studies (Andriesse, 1979 (Andriesse, , 1980 Chiosi, 1980a,b; Lamers, 1980 ) the agreement is very poor, as the main sequence band is expected to widen at the highest luminosities Chiosi(1980a}.This problem was studied by Chiosi and Greggio (.1980) , who argued that the observed luminosity limit might be mostly due to the stochastic nature of the initial mass function for massive stars, and to the coarse number of stars in the sample of Humphreys and David_ son (.1979 ). In such a case the upper luminosity boundary cari not be safely used to set a limit to the average rate of mass loss from 0 type stars.
h . 2. Blue-Yellow-Red Supergiants. With the aid of models evolved in occurrence of mass loss, we discuss here those basic features of the HR diagram of young luminous stars (Fig. 1 ) that could not be explained by conservative models, namely the crowding of stars in the Kel^ vin Heltmoz gap and large spread of blue supergiants in the range of effective temperature U.3>LogT e >3.90, the lack of very luminous red supergiants, the steady decline of the li_ mit luminosity with decreasing spectral type passing from early OB to late M stars. Theory predicts the existence of a zone in the HR diagram where stars are expected to evolve rapidly between the last stages of core H-burning and beginning of stationary core He-burning. However, no gap of this type exists among stars more massive than 15 M@ on the main sequence. Can the combined effect of mass loss in both H and He-burning phases populate this area, and reproduce all other features at the same time? From the available computations we see that the location in the HR diagram of both core H-burri ing and core He-burning (blue and red) models is affected by mass loss. For the sake of simplicity, it is worth consider ing separately the two cases of intermediate (about from 15 to 50 M w ) and high (above 50 M ffi ) initial mass. The boundary of 50 M is chosen because the average luminosity of this star roughly'corresponds to the luminosity limit of red supergiants, and because the models of very massive stars were seen to behave differently compared to those of smaller mass. In the range of intermediate mass stars, mass loss by stellar wind may widen the main sequence band, however the Kelvin-Heltmoz gap is also widened, although at the same time the blue portion of stationary He-burning is spread over a much larger range of effective temperatures. The red supergiant area can be populated by models in either early stages of core He-burning or later ones according to whether Ledoux or Schwarzschild-Harm criterium is adopted, and the rate of mass loss is high or low. Extended loops towards high effect_i ve temperatures during early to intermediate stages of core He-burning may also occur under suitable circumstances. A large variety of possible combinations exists according to different authors (Chiosi et a.l. , 1978; Sreenivasan and Wi^L son, 1978; Stothers and Chin, 1978 Maeder, 1980) . On the basis of those models we may suggest that a suitable tune up of the mass loss rate in both core H and He-burning could perhaps give the required spread of models in the blue, yellow, and red supergiant area. The KelvinHelmotz gap could therefore be populated by stars in latest stages of central H-burning, early stages of core He-burning and latest stages of it. If the goal can be achieved in terms of model location, still the relative percentages of blue, yellow, red supergiants, compared with the main sequence stars, cannot be reproduced by those models. In fact too ma ny stars are observed in the gap for being in those quite rapid stages of evolution. Therefore the existence of these stars seems to be at variance with standard models of mass_i_ ve stars even in occurrence of mass loss. As for stars initially more massive than about 50 M Q , the main sequence band may either widen, as in the case of lower mass stars, or shrink, depending on the average mass-loss ra te. However for the arguments brought by Chiosi and Greggio (1980) this will not have significant observable consequences. The core He-burning phase of these stars is expected to occur at high effective temperatures, possibly merging the main sequence band, for suitable combinations of total mass removal during the core H-burning phase and rate of mass loss during the He-burning phase. The expected location of central He-burning for the two ranges of mass is shown in Fig. 3 Fig. 1 ) with ine temperature, and lack of very luminous nd a natural explanation. In particular, undary for OB stars should be determined ge of stationary core He-burning instead ge of core H-burning as suggested in the these two observational facts could be used s on the average mass-loss rate during the ve stars. is, since in the left upper part of the HR substantially different internal structuhemical composition, are expected to exist, asonable evolutionary links among 0, Of and U.3. The Of Star: Of stars are commonly assumed to be in the lat core H-burning. This assumption is in fact imp procedures used by Chiosi (.1980a,b) are in the core He-burning phase, in those stages that presumably preceed the WR stages. Current observational data and theoretical evolutionary models cannot enable us to reach any firm conclusion about this point.
EVOLUTIONARY SCENARIO FOR WR STARS
The occurrence of stellar winds during core H and He-burning stages has the consequence that a variety of stellar remnants are produced, which hopefully should be located near the ze_ ro age main sequence, and which should be observed as overluminous, He-rich and N-rich stars. As is well known, WR stars are believed to show such characteristics. In fact, WR stars are in general H-poor and He-rich, and in particular H is extremely poor in early type WN's and WC's, and more abundant in late WN's. Nevertheless, few exceptions exist which somehow invalidate this simple schemati zat ion. As poiri ted out by Massey (1980) , the WN5 stars HD 193077 and HD 997 1 * show in fact convincing evidence of H in the envelope, where_ as the WN8 star HD 17230, which is expected to show H at the surface, does not (Massey and Conti, 1980 ). It appears also that WN stars have more nitrogen, whereas WC stars seem to have more carbon and oxygen at the surface. According to a theoretical suggestion of Paczynski (1973) and the work of Willis and Wilson (.1978) , WN stars should expose at the sur face CNO processed material, which could easily account for the N overabundance, whereas the WC stars should expose 3ot processed matter, in which carbon and oxygen are abundant. As a consequence of this,WC stars should be more evolved than WN stars (Paczynski, 1973) . The position of WR stars in the HR diagram, summarized by Conti (1976a) , is still rather uncertain. According to Conti 's (1976a) analysis the majority of WR stars fall in a narrow range of luminosities and effective temperatures, with the exception of the WN7 type for which significantly higher luminosities and a narrower range of effective temperatures are given. However, if the discussion of Conti (.1979 ) is t&_ ken into account, also WN7 stars may shift to cooler effective temperatures and lower luminosities. Recent contribution to the subject is by Barlow et al. (1980) who derived the bolometric magnitudes and black body temperatures for a sample of WR stars. If the black body temperature can be ta ken as an approximate indicator of the effective temperature, the WR stars appear to populate a well defined band in the HR diagram. The most important question concerning WR stars is whether all of them are members of binary systems or truly single objects may also exist. This problem has been revised receri tly by Vanbeveren and Conti (.1980) , who suggest that about h0% of the WR stars are binaries with an OB companion, and an equal number of WR stars could exist with a compact companion. Some 20% of the WR stars are therefore expected to be truly single objects. The previous larger frequency, 73%, of binary WR stars with respect of the single ones found by Kuhi (1973) is thus significantly lowered by this recent stu dy, and made comparable to that of OB binaries (about 50 to 60%) quoted by Conti (1976b) . The mass of WR stars is still poorly known. For those WR's that are members of binary systems, a study of these stars reveals that the average mass is about 20,ranging from 10 to 50 M@ (Massey, 1981) . No plausible information can be derived for the mass of single WR stars. Another important question to be clarified before the WR stars can be fitted into an evolutionary scheme concerns the statistics of WR stars compared to their progenitors, very conceivably the OB stars. According to Smith (1973) , and Mof_ fat and Seggewiss (1978) for the particular case of the latest type WN ' s , the occurrence of the WR phenomenon far from being rare, is to be considered normal among massive OB stars. Finally the very crucial aspect of the WR phenomenon is the correlation between the spectral classification and evoluti£ nary status. In other words, are late WN's and WC's progenitors of the early ones, and WN' s preceed WC*s in their evolu tionary history or not? or a more complicated scheme has to be devised? The interpretation of binary WR stars has been the subject of a great deal of theoretical work. As is well known, the mass exchange, and more recently a combination of mass exchange and mass loss by stellar wind, offers an easy and straightforward scenario for the production of WR stars in binary systems. The situation has been recently reviewed by de Loore (1979 Loore ( , 1980 . On the contrary, the possibility that mass loss by stellar wind may transform a single 0 type star into a WR star, as suggested some time ago by Conti (1976a) , is still an unsettled question. In Conti's (1976a) suggestion, single massive 0 stars would become Of's if substantial wind were to exist. With increas_ ing rate of mass loss, Of stars would transform into latest type WN' s ("transition" WR' s) , which in turn would evolve iri to classical WR's if further mass loss were to occur. This straightforward scheme was reelaborated by Chiosi et a.l. (1978) , who distinguished two different ranges of initial mass, and considered the overall effect of mass loss during core H and He-burning phases. ) scenario rests on the basic idea that all WR stars (single inclu ded) are in the core He-burning phase, and the different che. mical abundances at the surface are determined by the amount of peeled off material, which in turn depends on the initial mass and average rate of mass loss. In-brief, the most lumj^ nous WR stars (the H-rich late type WN's) have evolved from the most massive 0 stars, whereas the progenitors of the hj^ gher excitation WN's (from WN3 to WN6) would be 0 stars with original mass in the range 25 to 50 M @ , which become WN ' s du. ring core He-burning, when surface layers are stripped away. The WC's should be the descendents of these latter WN ' s . The ultimate reason for the distinction between two ranges of initial mass is the competition between the core He-burning lifetime, which decreases with increasing initial mass, and the time scale for removal of the H-rich envelope, which de_ pends on mass loss during core H-burning and current rate of mass loss during, core He-burning. At the base of that evolutionary scenario for single WR stars were the models of Chiosi et al. (.1978 ) computed with a rate of mass loss dependent on a weak power of the luminosity a.l.£ ne, and therefore practically constant. This fact hindered those authors from fully matching some properties of WR stars, like the high rate of mass loss and low H content at the sur face . It appears nowadays as very likely that the rate of mass loss may vary by more than one order of magnitude in the course of evolution of massive stars, as indicated by the formulations of Andriesse (1979 Andriesse ( , 1980 , Chiosi (l980a, b) and Lamers (1980) . Therefore it seems worth refining that scenario at the light of the most recent observational facts. The aim of the following considerations is to elaborate a scheme in which WR stars can be fitted independently of their binary or single nature. In fact, mass loss by stellar wind and mass removal by Roche lobe overflow have similar, though not quail titatively equal effects on the structure of the remnants, and represent two different alternatives for producing WR stars. The available gross characteristics of WN and WC stars can be tentatively organized as shown in Fig. U , where in addition to the location in the HR diagram few other basic para, meters are also indicated. The area assigned to each subtype is quite arbitrary and must be taken only as an indication of the suspected spread of masses and luminosities. Fi_ nally, it must be emphasized that the proposed scheme is not to be intended as a definitive interpretation of the evolu tionary history of WR stars, but is simply offered as a star ting point for future implementation. The leading idea of this suggestion is that WR stars neither form an unique sequence, in the sense that any star moves from WN9 to WN3 and from WC9 to WC3 independently of their initial mass and mode of mass loss, nor a sequence of remnant masses, each of which corresponds to a specific initial mass. Rather a comb^_ nation of the two aspects. This point of view is also somehow supported by the recent study of Niemela (1980) . i) Stars with initial mass smaller than some critical value M lose very little mass during core H-burning phase, and e_ volve redwards in the HR diagram with rapidly increasing mass loss rate. Whether stationary He-burning takes place without a blue loop or not cannot be still foreseen a priori. However, as the rate of mass loss is expected to increa. se with both increasing radius and decreasing mass, this fact should favour the possibility that a fraction of the latest stages of central He-burning might be spent as WR stars of early type, running at least part of the sequence WN3 to WN5• It is obvious that the percentage of such single WR stars is expected to be very low compared to that of bins, ries, owing to the by far more efficient mechanism of mass exchange. The extreme case would be that none of these lower luminosity WR's is single, but all are binaries. In this case the modality of mass exchange will determine the initial type of the WR sequence for the core He-burning remnant, and the competition between further mass loss and core He-burning lifetime will determine through how many WN and possibly WC types the remnant can evolve. ii) Stars of initial mass above M also lose very little mass during core H-burning, but owing to the fast increase of the mass-loss rate as they start moving redwards, and the larger fractionary mass of the He-core, these stars cannot spend any appreciable fraction of their lifetime at low effective temperatures. The whole core He-burning phase is expected to 0£ cur near the zero age main sequence. We speculate that when H-poor layers are brought to the surface (N(H)/N(He) being about 2) , they should appear as late type WN's. Further mass loss make them run at least part of the sequence WN9 to WN6. However, owing to the very short core He-burning lifet_i me for these very massive stars (about 0.2 1 0 6 y s ) , they will unlikely lose the whole H-rich envelope, and evolve through more than one spectral type, even in presence of the high rates quoted by Barlow et al. (1980) . WC stars are expected to be hardly produced by these single late type WN's. Although the evolutionary computations carried out so far with the new formulations for the mass-loss rate are very preliminary, they seem to support the above suggestion. The same arguments can be also applied to massive progenitor WR stars in binary systems. However due to the more favoura ble circumstances (mass exchange and stellar wind) the core He-burning remnants may evolve through one or more subtypes, and also WC stars might be eventually generated. Since stellar wind is competing with mass exchange in this range of initial mass, we expect the duplicity to be about normal among these most luminous WR stars, as indicated by Moffat and Seggewiss (.1979 ).
MASS LOSS FROM YOUNG STARS IN LMC AND SMC
Recent observations on stellar winds from 0, Of and OB stars in LMC and SMC (Hutchings,1980b) seem to indicate the existence of systematic differences in wind properties, which might suggest that those stars are losing mass at lower rji tes than their galactic counterpart. The HR diagrams of supergiant stars in LMC and SMC also show systematic differences compared with the HR diagram of gala£ tic supergiants. In fact the red supergiant stars are syste matically bluer > and the highest luminosi. ty limit for early to intermediate spectral type supergiants is systematically lower (Chiosi et al., 1980) , passing from the Galaxy to SMC. The ratio NH/NHe of core H-burning to C£ re He-burning supergiant stars studied by Bisiacchi and Fir_ mani (1980) is found to vary from SMC to the Galaxy. In addition to this, Vanbeveren and Conti (1980) studied the fre quency distribution of single and binary WR stars as a fun£ tion of the spectral type in the Galaxy, LMC and SMC. While galactic WR's seem to equally populate each subtype, late WC's are absent in LMC, and an almost complete lack of WC stars is observed in SMC. A clear correlation between the mass ratio and spectral subtype for either WN or WC stars in the three galaxies is found by Moffat (1980) . Finally, Maeder et al. (1980) , comparing the number of red supergiant to WR stars across the galactic disk and in LMC and SMC , found that the ratio N R /NyR varies with galactocentric distance and among the three galaxies. Similar analysis is also made by Bisiacchi and Firmani (1980) , who compare the number of WC to WN stars, and WR's to yellow supergiants in the Galaxy with the ones in the Magellanic Clouds. Since the three galaxies differ from one to another in the mean metallicity, which systematically increases from SMC to LMC and Galaxy, the most straightforward interpretation of the above observational facts is sought in terms of different metal content. To this aim,both evolutionary computations of massive stars with low metal content, and various assumptions for the mass loss rate dependence on the metallicity (Chiosi et al., 1979b (Chiosi et al., , 1980 Hellings and Vanbe veren, 1980; Maeder, 1980) are carried out, and semiempirical analyses performed. Although preliminary, those studies enable us to derive several indicative results and conclusions: i) Once more, the lack of red supergiants in LMC and SMC brighter than Mt,=-9.5 can be reproduced with models of ma_s sive stars suffering mass loss at substantial rate as in the galactic case (Chiosi et al., 1980) . ii) The shift of red supergiants in SMC, and to a lower extent also in LMC, to effective temperatures higher than for galac_ tic red supergiants can be easily understood in terms of in_ creasing metallicity from SMC to Galaxy (Chiosi et al. , 1980) . iii) The distribution of blue supergiant stars in SMC cannot be reproduced by standard models calculated with metallicity holding for SMC (estimated in the range 0.001 to 0.003). In fact,the predicted band of stationary He-burning for intermediate mass stars, 15 to 50 M 0 , is much narrower and bluer than for galactic stars, without any appreciable lifetime spent at low effective temperatures, contrary to the observational evidence of red supergiants in the range of lumino_ sities pertinent to the above range of mass (Chiosi and Nasi, 197 i +b; Chiosi et al. , 1980) . In the same spirit of the galactic case, mass loss by stellar wind during both core H and He-burning phases is supposed to take place, thus rea. ching a much better agreement between theory and observations (Chiosi et al., 1980; Maeder, 1980) . With the adopted formulations for the rate of mass loss (proportional to the luminosity in Hellings and Maeder (1980) ; radiation pressure mechanism of Castor et al. (.1975) in Chiosi et al. (1980) ), the effect of a lower metallicity on the rate of mass loss is however quite marginal, and the model differences are mostly due to the different chemical composition.
iv) The increase of the limit luminosity for early and inter_ mediate spectral type supergiant stars, passing from SMC to the Galaxy, can be hardly understood even in terms of losing mass models with different chemical composition. Moreover it appears to be at variance with the suspected dependence of the mass loss rate on the metal content. Perhaps systematic variations of the initial mass function for massive stars (Peimbert and Serrano, 1980; Chiosi and Matteucci, 1980 ) might remove the above difficulty. v) With the aid of mass losing models of Chiosi et al. (1978) and Chiosi (1980a) , Bisiacchi and Firmani (1980) interpreted the variation of Njj/Njj e as due to metal content and mass loss rate variations. In particular an increase of the mass-loss rate by a factor of five passing from SMC to Galaxy seems to be required. vi) The variation of the Np/Nyp ratio is attributed to the combined effect of abundances of heavy elements and amount of mass loss both in the main sequence and red supergiant phase (Maeder et al., 1980) . The same conclusion is advanced by Bisiacchi and Firmani (.1980) to interpret the variation of number of WC to WN stars and WR's to yellow supergiants vii) The different distribution of WR stars among spectral subtypes observed in SMC, LMC and Galaxy can be perhaps also interpreted in terms of mass loss and chemical composi-tion parameters (Chiosi et al., 1979c; Vanbeveren and Conti, 1980; Hellings and Vanbeveren, 1980) , even though a quantity tive analysis of this problem is still lacking. DISCUSSION SERRANO: I want to make two comments about the comparison with observations. First as Lequeux et al. (1979) have shown, the heavy element abundance in irregular and blue compact galaxies can only be explained if mass loss as you have described takes place in massive stars. Models with constant mass evolution definitely do not fit observations. On the other hand, the helium to heavy element abundance ratio AY/Az needs also evolution with stellar mass loss as I will mention later. Our understanding of mass loss is clearly inadequate, but you cannot change models much without violating these observed facts.
CHIOSI: As well known,the occurence of mass loss during core H-and He burning phases, by effecting the mass size of the core, will also effect the yield of heavy elements from massive stars (Chiosi and Caimmi, 1979 Astron. Astrophysics 80, 234). Since much lower yields are predicted with mass loss, the heavy element abundances in irregular and blue compact galaxies can be reproduced. I wonder however if this is the only possible explanation, because if one uses the same yields in modelling the solar vicinity too, a low metallicity is predicted at the present time. This same difficulty arises when,in order to explain the observed AY/AZ ratio yields with mass loss are adopted.
IBEN:
You have emphasized that the location in the HR diagram of a massive star during core helium burning is extremely sensitive to the rate of mass loss. Can you state quantitatively what this sensitivity is and whether or not it is conceivable that a star oscillates back and forth in the HR diagram solely as a consequence of modest fluctuations in the mass loss rate.
CHIOSI: I cannot answer with simple arguments to the second point of your question. However on the basis of a few numerical computations that are available the location of models in the HR diagram may depend on the rate. As an example of it, an original 60 M Q (X = 0.7,Z = 0.001) suffering mass loss at the rate of 1.97 1 0 -5 M Q /y spent the entire core He-burning lifetime as red supergiant, whereas with slightly higher rate (M=2.06 10 -5 IVL/yrs) a blue loop occurred.
VANBEVEREN: I still doubt whether or not the T e ff and radius variation for massive stars resulting from evolutionary computations can represent reality. As has been discussed by K. Andriesse yesterday in most of the stars one can expect subphotospherical instabilities and at available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0252921100094823 present no computations are available to investigate the effect of these instabilities on the T ^ and radius variation. A first attempt to include instability effects in evolutionary calculations has been made by Appenzeller (1970) variety of envelope structures. Therefore the mass of the core and density at the inner boundary of the envelope, together with total envelope mass may be used to investigate the envelope structure. Although we cannot say that this approach is the most complete, the validity of our Conti in 1975 . Let me remark that I do not think we can talk about H/He ratio in WR stars. We do not see photospheric lines in WR stars except in a few cases, so far -and even then we have not enough information to tell about H/He ratio.And if we want to derive that ratio from the features that arise in the extended envelope, I would repeat what I said yesterday, in the sense that we cannot talk about abundance without being able to describe the physical conditions of the layers involved. Let me also remind you that earlier it was believed that a typical WR mass was 10 M and no H had been found in these objects (except for L. Smith's observations presented in the Buenos Aires Symposium). Eyerybody was happy and could explain WR stars evolutionary-wise. Now we have found larger masses and H in some WR stars and other exceptions. I suggest that we have reached a stage in which we need more observations and we need to look more thoroughly at the available and forthcoming information.
CHIOSI: I agree. More observations, theoretical understanding of the WR phenomenon and an open mind in facing this problem are most welcome. Nevertheless, I think that at the present time it might be still worthwise to explore to some extent Conti's scenario. CARRASCO: A general warning concerning the problem of comparing theoretical tracks for massive stars with observational H-R diagrams: One must be aware of the fact that the 0-type stars are a mixture of extreme Popl. and Old Disk Population objects. The latter group represent at least 10% and probably up to 40% of the 0-type stars, and they are likely low mass highly evolved objects and hence subject to different evolutionary time scales.
